Purpose: Our previous studies have shown that miR-195 is reduced in cervical cancer tissues, and that upregulation of miR-195 suppressed cervical cancer cell growth and induced a cell cycle block. In this study, we aimed to further elucidate the mechanism of action between miR-195-5p and Yes-associated protein 1 (YAP1) in the malignant progression of cervical cancer. Methods: MiR-195-5p and YAP1 were detected using qRT-PCR in cervical cancer cells transfected with miR-195-5p mimics or inhibitor. Cell proliferation, migration, and invasion ability were detected using MTT, wound healing, and transwell invasion assays. Dual luciferase reporter assay, qRT-PCR, and Western blot analysis were used to demonstrate that YAP1 was a target of miR-195-5p. Results: Our results showed that miR-195-5p is negatively correlated with YAP1 protein levels but not with mRNA expression. Moreover, upregulation of miR-195-5p by transient transfection with miR-195-5p mimics in HeLa and SiHa cells inhibited cell proliferation, migration ability, invasiveness, and the EMT. Conversely, miR-195-5p downregulation produced opposite results. In addition, multiple miRNA target prediction sites showed that YAP1 was a potential target gene; this was confirmed by dual luciferase assay. Rescue experiments further confirmed that YAP1 is involved in miR-195-5p-mediated inhibition of proliferation, migration ability, invasiveness, and the EMT of cervical cancer cells. Conclusion: Taken together, our data suggest that miR-195-5p may act as a tumor suppressor which could provide a theoretical basis for cervical cancer patient targeted therapy.
Introduction
According to GLOBOCAN 2018, cervical cancer ranks fourth in women's morbidity and mortality in developing countries due to the lack of screening programs, vaccine awareness, and effective therapies, which have led to more than 500,000 newly diagnosed cases and nearly 300,000 deaths in 2018. 1 Despite significant advances in preventive measures, diagnostic methods, and treatment of cervical cancer in recent years, the prognosis for patients with advanced stage cervical cancer remains poor; many patients die from recurrence and metastasis following surgical resection and standardized radiotherapy and chemotherapy. 2 Thus, a greater understanding of the mechanisms underlying the occurrence and metastasis and indicators or biomarkers contributing to early diagnosis and therapies of cervical cancer are urgently required. MicroRNAs (miRNAs), single-stranded small molecule RNAs composed of 20-25 nucleotides, regulate post-transcriptional gene expression via binding to the 3ʹ untranslated region (3ʹ-UTR) of a target gene. Moreover, they can also act as oncogenes or tumor suppressor genes, participating in many biological processes, such as embryonic development, cell differentiation, apoptosis, drug resistance, angiogenesis, and tumor metastasis, through specific targets or signaling pathways. 3, 4 Recently, there is increasing evidence that many miRNAs are abnormally expressed in cervical cancer, such as miRNA-944, 5 miRNA-155-5p, 6 and miR-449b-5p, 7 demonstrating miRNAs may act as novel prognostic markers or as prospective drug therapy targets for patients with cervical cancer. Significantly, recent studies have found that abnormal downregulation of miR-195 is associated with the occurrence of cancer and malignant progression. For example, miR-195 has been reported to suppress the proliferation, migration ability, and invasiveness of cervical cancer via downregulation of DCUN1D1, HDGF, CCND1, CCND2, MYB, and SMAD3. [8] [9] [10] [11] [12] In this study, we identified YAP1 as a potential target gene of miR-195-5p using miRNA prediction websites. YAP1 is a major transcriptional regulator of the Hippo pathway and is highly correlated with the development of malignant tumors in humans. 13 YAP1 has been reported to play both carcinogenic and anti-carcinogenic roles in different tumors. 14 The carcinogenic effect of YAP1 has been reported in colorectal cancer cells, where it could promote proliferation, invasion, migration, and angiogenesis, as well as the epithelial to mesenchymal transition (EMT), 15 while several studies have reported YAP1 as a tumor suppressor gene in hematological cancers. For example, low expression of YAP1 is predictive of poor outcome in acute myeloid leukemia and multiple myeloma. 16 He et al 17 found that YAP was highly expressed in cervical cancer tissues and overexpression of YAP promoted malignant progression of cervical cancer cells. Based on the above results, we hypothesized that miR-195-5p may affect the malignant progression of cervical cancer by downregulating YAP1.
In the current study, we show that miR-195-5p could suppress cervical cancer progression by inhibiting proliferation, migration ability, invasiveness, and the EMT via YAP1 in vitro. We also determined that upregulation of YAP1 can partially reverse the inhibitory effect of miR-195-5p in cervical cancer cells HeLa and SiHa. These results reveal a key role of miR-195-5p/YAP1 axis in the pathogenesis of malignant progression of cervical cancer. Then, 5% skimmed milk was added and the blots were incubated at room temperature for 2 h followed by three washes with Tris-buffered saline + Tween-20 (TBST). Specific antibodies against the target proteins were added and incubated overnight at 4°C. The primary antibodies used were as follows: YAP1, E-cadherin, Snail, and Vimentin, which were all obtained from Cell Signaling Technology (Danvers, MA, USA). After washing with TBST, secondary antibody labeled with horseradish peroxidase (Proteintech, Rosemont, IL, USA) was added and the blots were incubated at room temperature for 2 h. Then, the protein bands were developed by enhanced chemiluminescence (ECL, Hercules, CA, USA), and the gray ratio of target protein to internal reference protein was calculated using ImageJ software. Experiments were performed in triplicate followed by statistical analysis.
Materials and Methods

Cell Culture and Cell Transfection
MTT Assay
HeLa and SiHa cells (2 × 10 3 cells/well) were seeded in 96-well plates, transfected, and cultured for 24, 48, 72, and 96 h with 50 nM miR-195-5p mimics and NC, or 100 nM miR-195-5p inhibitor and NC inhibitor according to the manufacturer's instructions, with six repetitive wells for each group. The cells were then cultured with serum-free medium containing 10 μL MTT (Sigma-Aldrich, St. Louis, MO, USA) at regular time intervals for 4 h. The supernatant was removed, 100 μL dimethyl sulfoxide (Sigma-Aldrich) was added to each well, and the absorbance at 490 nm was measured using a microplate reader (ThermoFisher Scientific, Waltham, MA, USA) to examine cell viability. Experiments were performed in triplicate.
Transwell Invasion Assay
The invasiveness of HeLa and SiHa cells was detected by Transwell assay. After 48 h of transfection, matrigel (4.0 μg/μL, 60 μL) was added into Transwell chambers (Corning, Corning, NY, USA) and incubated for 2-3 h at 37°C for gel solidification. The assay was performed using 24-well transwell plates with polycarbonate membrane and 8.0 μm pores (Corning). RPMI 1640 medium containing 10% FBS was added to the lower chambers. HeLa and SiHa cells were seeded in the upper chambers with serum-free RPMI 1640 medium at a density of 4 × 10 3 cells/per well. After 24 h, the medium from the lower chamber was removed and the cells in the upper chambers were wiped with a cotton swab. The migrated cells were fixed in 4% paraformaldehyde and stained with crystal violet for 30 min at room temperature. Migrating cell numbers were observed in five random fields under an inverted phase microscope (Nikon, Japan). Cells numbers were counted using ImageJ software for statistical analysis.
Wound Healing Assay
HeLa and SiHa cells (1 × 10 5 cells) were seeded in a 6-well plate in an incubator at 37°C and 5% CO 2 .
When the cells reached to 90% confluency, the cell monolayer was scraped using a 200 μL sterile pipette tip to generate a wound, and washed twice with phosphate-buffered saline. HeLa and SiHa cells were cultured in serum-free medium and photographed at 0 and 48 h following generation of the wound using an inverted phase microscope (Nikon). The percentage of wound healing was determined; larger wound healing percentages indicated stronger cell migration ability. Assays were performed in triplicate followed by statistical analysis.
Statistical Analysis SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All data are presented as the mean ± standard deviation. All statistical data satisfy the normal distribution and homogeneity of variance, and the difference between the two groups should be analyzed by Student's t-test. P < 0.05 was accepted as indicative of significant differences.
Results
MiR-195-5p Inhibited YAP1 Translation
In our previous study, Wang et al 10 determined that expression of miR-195 was lower in cervical cancer than in adjacent normal tissues, and that upregulation of miR-195 inhibited cervical cancer cell growth and induced a cell cycle block. This study, we further explored the molecular mechanism of miR-195-5p in the malignant progression of cervical cancer. Based on bioinformatics analysis, TargetScan, and miRwalk, YAP1 was predicted to contain a binding site for miR-195-5p ( Figure 1A ). YAP1, a key effector of the Hippo pathway in humans, has been shown to play a carcinogenic role by promoting cell proliferation and colony formation in cervical cancer cells. 17 To confirm the functional correlation between miR-195-5p and YAP1, we constructed a luciferase reporter vector to detect whether miR-195-5p can directly regulate the expression of YAP1. The specific binding sites (Fraction-F) of miR-195-5p in the YAP1 3ʹ-UTR were cloned into the pmirGLO dual-luciferase vector to generate the F-Luc reporter construct ( Figure 1B ). HeLa and SiHa cells were transfected with miR-195-5p mimics or NC mimics as well as the pmirGLO-YAP1-Luc-WT or pmirGLO-YAP1-Luc-MUT plasmid. As illustrated in Figure 1C Figure 1A and B).
The inhibitory effect of miR-195-5p on YAP1 was further confirmed. Upregulation of miR-195-5p in HeLa cells led to substantial downregulation of the protein levels of YAP1 ( Figure 1E and F) , while there was no noticeable difference in YAP1 mRNA levels ( Figure 1G ). Conversely, when miR-195-5p expression levels were inhibited following transfection of miR-195-5p inhibitor, protein levels of YAP1 increased accordingly ( Figure 1E and F) and YAP1 mRNA levels did not change significantly ( Figure 1G) . Similarly, overexpression of miR-195-5p in SiHa cells resulted in declining protein levels of YAP1 ( Figure 1H and I), on the contrary, the inhibition of miR-195-5p suppressed YAP1 protein levels ( Figure 1H and I) . Similar to HeLa cells, regardless of miR-195-5p overexpression or inhibition, the mRNA level of YAP1 was not statistically significant ( Figure 1J ). Figure 3A and B) . Conversely, the migration of HeLa and SiHa cells was evidently increased following transfection with miR-195-5p inhibitor ( Figure 3A and B) . Furthermore, to demonstrate the effect of miR-195-5p on the invasion of cervical cancer cells, miR-195-5p mimics, NC-mimics, miR-195-5p inhibitor, and NC-inhibitor were transfected into HeLa and SiHa cell for 24h. Then the cell invasion ability was detected by Transwell assay, which indicated that overexpression of miR-195-5p inhibited the invasiveness of HeLa and SiHa cells ( Figure 3C and D) , while inhibition of miR-195-5p can significantly increase the invasive ability of cervical cancer cells. (Figure 3C and D) . These results demonstrated that overexpression of miR-195-5p suppressed migration and invasiveness, and vice versa.
MiR-195-5p Inhibited Cell Proliferation in Cervical Cancer Cells
MiR-195-5p Inhibited the EMT in Cervical Cancer Cells
Cancer cells usually regulate invasion and migration through EMT. In this study, Western blotting was used to analyze the expression levels of epithelial and mesenchymal markers. Expression of the epithelial marker E-cadherin was remarkably increased, while expression of the mesenchymal markers Snail and Vimentin was decreased. These results were consistent with miR-195-5p overexpression by transfection of miR-195-5p ( Figure 4A and B) . By contrast, following transfection of HeLa and SiHa cells with miR-195-5p inhibitor, the expression levels of E-cadherin protein decreased, while expression levels Snail and Vimentin protein increased ( Figure 4A and B) . Statistical analyses are shown in Figure 4C and D. Overall, our results suggest that miR-195-5p negatively regulates proliferation, migration ability, invasiveness, and the EMT of cervical cancer cells. In other words, upregulation of miR-195-5p may inhibit the metastasis of cervical cancer cells.
YAP1 Reversed miR-195-5p-Induced Proliferation in Cervical Cancer Cells
To further confirm whether miR-195-5p regulated proliferation, migration ability, invasiveness, and the EMT by targeting YAP1 in cervical cancer cells, we performed miR-195-5p and YAP1 recovery experiments. HeLa and SiHa cells were treated as follows: Negative Control (miR-195-5p mimics+YAP1 NC); miR-195-5p mimics + YAP1 NC; and miR-195-5p mimics + YAP1. Relative wound closure and migration rates were determined for each group. First of all, the MTT assay showed that overexpression of YAP1 eliminated the inhibitory effect of miR-195-5p on HeLa proliferation. Similarly, MTT analysis on SiHa cells showed the same results ( Figure 5A and B) . Secondly, wound healing analysis showed that the upregulation of YAP1 restored the inhibition of miR-195-5p on the migration of cervical cancer cells, and there was significant statistical significance between the mimics + YAP1 group and mimics + YAP1 NC group ( Figure 5C and D). In addition, Transwell analysis showed that overexpression of YAP1 significantly promoted the invasiveness of HeLa and SiHa cells. In other words, it also successfully reversed the inhibition of miR-195-5p on the invasion of cervical cancer cells ( Figure 5E and F). These results suggest that the inhibitory effect of miR-195-5p on cervical cancer progression can be attributed, at least in part, to the suppression of YAP1 expression.
MiR-195-5p Inhibited the EMT by Targeting of YAP1 in Cervical Cancer Cells
To further explore whether miR-195-5p affects the metastasis of cervical cancer cells by regulating the expression of YAP1, EMT-related proteins in the transfected Negative Control, miR-195-5p mimics + YAP1 NC, and miR-195-5p + YAP1 groups were detected by Western blotting. Upregulation of miR-195-5p resulted in a remarkable decrease in YAP1 expression in HeLa and SiHa cells; however, YAP1 protein levels are significantly elevated by transfection of the YAP1 overexpression plasmid ( Figure 6A and B) . E-cadherin protein levels in the miR-195-5p mimics group were higher than those in the NC group, while Snail and Vimentin levels were lower than those in the NC group. At the same time, E-cadherin levels in the miR-195-5p mimics + YAP1 group were lower than that in the miR-195-5p mimics + YAP1 NC group, while Snail and Vimentin levels were significantly higher than those in the miR-195-5p mimics + YAP1 NC group. Statistical analyses are shown in Figure 6C and D. These results demonstrated that overexpression of miR-195-5p suppressed the EMT, while upregulation of YAP1 levels promoted the EMT. Student's t-tests were used for statistical analyses. *p < 0.05, ** p <0.01 indicates significant differences compared with the control group.
Discussion
The occurrence and development of cervical cancer is a complex, multi-step and multi-gene process. Patients with early cervical squamous cell carcinoma have a better prognosis, while the treatment of advanced cervical adenocarcinoma is almost in vain due to local recurrence and metastasis diffusion. 18 In this study, we concentrated on the effects of miR-195-5p and YAP1 in vitro following bioinformatics prediction. Our results showed that miR-195-5p act as a tumor suppressor gene in Wound healing assay was performed on HeLa and SiHa cells following transfection (magnification, ×100). (E, F) Invasiveness of HeLa and SiHa cells was determined using a Transwell assay (magnification, ×100). Experiments were repeated three times (n = 3) and quantification is shown in the bar graph. Student's t-tests were used for statistical analyses. Asterisk (*) indicates significant differences, * p <0.05, **p < 0.01, ***p < 0.001. Hash (#) indicates significant differences (P<0.05) compared with the control group.
cervical cancer and its target gene Yap1 plays a role of oncogene in cervical cancer. Therefore, it is imperative to identify potential prognostic predictors and develop treatment strategies for improving the survival rate of patients with cervical cancer.
Over the past few years, accumulating evidence has indicated that miRNAs have become the focus of cancer research especially in malignant tumors, and this has appealed to interest from numerous researchers hoping to reveal the underlying mechanisms.
19 MiR-195-5p has been shown to exhibit different levels of expression in different tumor types, and its role in tumorigenesis and cancer development cannot be simply summarized as a tumor suppressor gene or oncogene. For instance, Dai et al found miR-195-5p was down-regulated in ovarian cancer, which could inhibit tumor angiogenesis and reduce chemotherapy resistance by targeting the expression of PAST1. 20 What's more, Li et al also observed that the prognosis of cervical cancer patients is better in the relatively high expression of miR-195-5p, which may inhibit the invasion and metastasis of cervical cancer cells via targeting MMP-14 and acting on the TNF signal pathway. 21 In contrast, miR-195, which is significantly upregulated in human osteoarthritis, promotes the further development of OA by targeting PTHrP. 22 So, miR-195 plays different roles in different tissues.
On the other hand, YAP1, a major downstream effector of the Hippo pathway, functions as a transcriptional regulator and plays a key role to control cell proliferation and growth. 23 It is well accepted nowadays that when the Hippo pathway is activated, the YAP/TAZ transcriptional activator is inactivated by hosphorylation of LATS1/2, and the phosphorylated TAZ and YAP1 promote their interaction with the 14-3-3 protein and cause its retention in the cytosol. 24, 25 It can be seen that the Hippo signal pathway can not only inhibit the carcinogenic activity of YAP/TAZ in the nucleus, but also limit the growth of tumor by enhancing its growth inhibitory activity in the cytoplasm. Furthermore, numerous studies have shown that elevated YAP1 activity and/or YAP1 overexpression is observed in some primary human cancers, including hepatocellular carcinoma, pancreatic cancer, gastric carcinoma, [26] [27] [28] and elevated YAP1 protein expression and nuclear localization are associated with poor prognosis. 27 More importantly, YAP1 was reportedly highly expressed in cervical cancer and is considered to be a tumor suppressor in this type of cancer, 17 and which is also highly accumulated in the nucleus of HPV-positive oropharyngeal squamous cell carcinoma. 29 Our study
shows that YAP1 was a direct target gene of miR-195-5p and plays an important carcinogenic role in cervical cancer. These results are supported by previous studies. 30 Accumulating evidence has shown that miR-195 is decreased in multiple tumors, including cervical cancer, 11 prostate cancer, 12 glioma, 31 and colon cancer, 32 and acts as a tumor suppressor gene. In this study, we have demonstrated a new regulatory axis of miR-195-5p/YAP1 in the metastasis of cervical cancer according to strong in vitro evidence based on a series of classical research methods. In addition, many researches have offered more similar examples, for instance, it has been reported that miR-591 expression in breast cancer is lower than that in normal tissues, and its ectopic overexpression inhibited cell proliferation, invasiveness, and the Hippo-YAP1 signaling pathway by downregulating the YAP1 gene. 33 Additionally, the low expression of miR-375 is closely related to the overall survival of CRC patients, and miR-375 enhances the sensitivity of CRC cells to chemotherapeutic drugs by directly targeting YAP1. 34 Another important finding of this study was that the restoration of YAP1 could partially inhibit the tumor-suppression effect induced by miR-195-5p. These findings further confirmed that miR-195-5p could target the YAP1 gene to regulate the malignant behavior of cervical cancer cells including proliferation, migration ability, invasiveness, and the EMT. The EMT is defined as a transcriptionally regulated phenotypic transition process that renders cancer cells more metastatic and invasive, which then makes it more difficult to treat cancer. 35 The EMT involves the loss of expression of some epithelial markers, such as E-cadherin and α-catenin, as well as an increase in the expression of a number of mesenchymal markers, such as N-cadherin, Snail, Vimentin, and matrix metalloproteinases. 36 Many miRNAs have been reported in recent years to regulate the EMT, thereby inhibiting tumor progression. MiR-34 can negatively regulate the EMT in different ways, such as via TGF-β signaling, the EMT-related transcription factor Snail, and the tumor suppressor gene p53. 37, 38 Similarly, in vitro cell transfection experiments in this study showed that E-cadherin protein expression was increased, while Snail and Vimentin expression was decreased, consistent with miR-195-5p overexpression and vice versa. In summary, miR-195-5p may be a negative regulator of the EMT and thus regulate cancer metastasis.
Conclusion
In conclusion, our results suggest that miR-195-5p overexpression may inhibit proliferation potential, migration, invasiveness, and the EMT of cervical cancer cells by targeting the 3ʹ-UTR of YAP1. Therefore, the miR-195-5p/YAP1 axis is expected to become a promising molecular target for targeted therapy of cervical cancer. Although we strive to make the experiment comprehensive and accurate, there are inevitably some limitations in our research, which including lack of in vivo experimental verification and similar experimental results after clinical sampling of tumor cells. Thus, further studies are needed to determine the exact role of miR-195-5p in the proliferation and metastasis of cervical cancer as well as downstream signaling pathways in vivo to provide a theoretical basis for clinical practice. 
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